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究了 Au 对 MoBiOx的修饰作用。在利用各种表征手段对催化剂进行表征分析的
基础上，结合催化剂的催化性能，归纳催化剂的结构、表面性质与催化性能的关












为溶剂制备的 MoBiOx 与水为溶剂制备的 MoBiOx 在结构和组成上的差异。
TGA-DSC，FT-IR，XRD 研究前驱体的差异，提出了乙醇为溶剂制备 MoBiOx
可能的络合机理并很好的解释了实验结果。 
最后，考察 Au 对MoBiOx的催化性能影响及 Au与 MoBiOx相互作用机理。
分别采用在柠檬酸络合溶胶凝胶法制备 MoBiOx过程中原位加入 MoBiOx质量 1%
的Au，制备 1%Au-SC催化剂；采用沉积沉淀法沉积MoBiOx载体质量 1%的 Au，
制备 1%Au-DP 催化剂。TEM、XRD和 UV-vis DSR表征结果均证实了 1%Au-DP
催化剂表面 Au纳米颗粒粒径比 1%Au-SC 催化剂表面 Au纳米颗粒粒径小，较小


















催化剂中，催化剂颗粒之间距离较小，使得 O 和电子的传输能力增加。EDS 和
XPS 表征证实了不同 Au加入方式对催化剂表面物种的影响。活性数据表明，与
空白 MoBiOx 载体相比，1%Au-DP 催化剂异丁烯转化率提高了 93.0%，甲基丙
烯醛的选择性提高了 49.6%。而 1%Au-SC 催化剂仅提高了异丁烯的转化率。 
以沉积沉淀法制备了不同 Au 负载量的催化剂，通过改变 Au 的负载量，考
察不同 Au 负载量对催化剂表面物种数量和价态的影响，研究了 Au 与 MoBiOx
相互作用机理以及异丁烯在 Au/MoBiOx催化剂上选择性氧化的机理。XPS 分析
数据表明，催化剂表面上 Auδ+、Mo5+、Bi0含量与催化剂性能变化规律一致，均




中，Au没有直接与 Mo发生作用，而是与 Bi相互作用，将电子传递给 Bi，再通




δ+和 O 空穴的形成，促进催化剂对分子 O 的活化能力，而





















Application of nanoscale Au materials in catalysis attracted extensive research 
and attention of numerous scholars, and currently became a popular research topic in 
the field of catalysis. Here, we report the interaction between Au and MoBiOx, based 
on the results of structural characterizations and spectroscopic studies. The 
significance of the interaction is further investigated by probing the efficiency of 
selective oxidation of isobutene to methacrolein. Bulk and surface characterization of 
the catalysts is combined with the catalytic performance to explain the effect of Au on 
MoBiOx. We also analyze the amount and the valence state of species on surface, 
aiming to study the mechanism of Au effect on MoBiOx. 
Firstly, coprecipitation, physical mixing and sol-gel methods are used to prepare 
MoBiOx composite oxides. Characterizations of XRD, FT-IR and TGA-DSC are 
carried out to study the changes of precursor during and after calcination. MoBiOx 
prepared by sol-gel methods exhibits the best catalytic performance among the three. 
The ratio of Bi/Mo also influences the phase composition and the catalytic 
performance of MoBiOx composite oxides. With the Bi/Mo ratio=2/2, the main phase 
in MoBiOx is β-Bi2Mo2O9. Catalytic activity measurements also evidence that 
MoBiOx with Bi/Mo ratio=2/2 has the best performance in isobutene selective 
oxidation to methacrolein. 
During the catalysts preparing processes, solvent plays a very important role. 
Here we use ethanol as solvent to prepare MoBiOx. XRD, Raman, SEM and BET 
measurements are studied to find the differences in structure and composition 
between MoBiOx prepared with ethanol and water as solvent separately. The 
precursor of MoBiOx used ethanol as solvent is studied by TGA-DSC, FT-IR and 
XRD methods. We present a complexation mechanism of MoBiOx preparing process. 
This mechanism well explains the experimental results. 
















performance. Hence, we add 1%wt Au on MoBiOx with different methods and study 
the effect of Au on MoBiOx. In situ Au-doping on MoBiOx during the MoBiOx 
preparation process and deposition precipitation were carried through to prepare the 
1%Au-SC and 1%Au-DP catalysts separately. TEM, UV-vis DRS and XRD results 
show that the 1%Au-DP catalysts have smaller Au nanoparticles than 1%Au-SC. The 
smaller the Au nanoparticles are, the higher the catalytic performance is. SEM shows 
there are many small particles on surface of 1%Au-SC catalysts, which lead to fast 
local reactions and affect the selectivity of methacrolein. The distance among particles 
of 1%Au-DP catalysts is shorter, which enhanced the transfer ability of O and electron. 
EDS and XPS characterizations further confirm the strong interaction between Au and 
MoBiOx. With Au added, there is a great change of species on MoBiOx surface. 
Catalytic activity measurement shows that 1%Au-DP catalyst has a better catalytic 
performance than MoBiOx. The isobutene conversion and methacrolein selectivity of 
1%Au-DP catalyst is increased by 93.0% and 49.6% separately, compared with that of 
MoBiOx catalyst. However, 1%Au-SC catalyst does not show a good catalytic 
performance as the 1%Au-DP catalyst does.  
Adding Au during deposition precipitation brings a great influence on the species 
and catalytic performance of MoBiOx. To study the mechanism of Au effect on 
MoBiOx, different amounts of Au was loaded onto MoBiOx and TEM, XRD, XPS, 
EDS and UV-vis DRS characterizations were used. XPS results show that, the amount 
of Auδ+, Mo5+ and Bi0 species on catalysts surface follows the order: 1%Au> 2%Au> 
0.2%Au> Blank, which is the same with the order of catalytic performance. 
Characterizations of catalyst with different amounts of Au loaded show that, Au has a 
strong interaction with MoBiOx. We can assume a possible rout as follows. The 
change of electronic state of Mo is not attributed to the direct effect between of Au 
and Mo. Actually, the easily reducible Bi oxide takes a direct effect with the loaded  
Au, and the electronic migration occurs between Bi and Mo through Bi-O-Mo band, 
which leads to the change of electronic state of Mo. Such interaction ralates to the size 
















decrease, which weaks the interaction of Au and MoBiOx. The formation of Au
δ+ and 
O vacancy on Au/MoBiOx catalyst surface enhance the ability of the activation of 
molecule O. Bi is effective for the oxygen incorporation in the catalyst, while Mo is 
helpful for the oxygen insertion into the alkenes The Bi0  species are beneficial for 
introducing O species into the reduction and re-oxidation cycle. Bi0 and Mo5+ species 
on surface are positive in the dehydrogenation of α-H and insertion of O. All the 
Au/MoBiOx catalysts have better catalytic performance than MoBiOx. That 
1%Au/MoBiOx catalyst shows the highest catalytic performance among the four, may 
be due to the hightest content of Bi0, Mo5+, Auδ+ and O vacancy as well as the small 
size and high dispersity of Au nanoparticles. 
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